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Abstract 


Unfortunately we have no means of de¬ 
termining, according to the standard 
of years, how long a period it takes to 
modify a species. 


In a population of size N , adaptive evolution is 2 N times faster under Mendelian inheritance 
than under the 19th-century theory of blending inheritance. 

_ Well, almost no one. In 1871, A.S. Davis pub¬ 
lished the fir st c oherent, quantitative model of 
evolution ( Davisl . 1871 1. But no one noticed for 
over a cen tury, un til the arti cle was finally dis¬ 
covered by Morris! ( 1994 ) and Bulmer ( 2004 ). In 
the paragraphs that follow, I ask what Davis 
might have concluded about the rate of adaptive 
evolution, had he pursued the matter. 

Victorians assumed that heredity involved 
blending the hereditary material of the parents, 
and there were at least two theories of blend- 


Charles iDarwinl (|1872l . p. 270) 


In the latter half of the 19th century, evo¬ 
lutionary time seemed limited. Victorian sci¬ 
ence suggested that the earth was not much 


older than 100 million years (jJacksonl . 12001 
Thomson . 18621 ). Was it really plausible that 


so much evolution could have happened in this 
interval? Evolutionists had no answer. In part, 
this was because the question was quantitative— 
involving rates and intervals—yet evolutionary 
theory was at that time merely qualitative. 
It was impossible to say how much time was 
needed, because (as Darwin laments in the quote 
above), no one had a clear understanding of the 
rate of evolution. 


ing (Bulmer, 2004). For some, blending was like 
mixing paint. For others, it was consistent with 
an underlying particulate heredity: 

Skin-colour is therfore a good example 
of what I call blended inheritance. It 
need be none the less “particulate” in 
origin, but the result may be regarded 
as a fine mosaic too minute for its 
elements to be distinguished 
general view. 


m a 


Francis iGaltonl (|1889l . p. 12) 
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Following Davisl ( 187 1). I consider the paint-pot 
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model of blending inheritance rather than Gal- 
ton’s particulate version. 

To measure the rate of adaptive evolution, 
I focus on the rate of increase in the mean 
Darwinian fitness of a population. This re¬ 
quires comment, because it is not clear that 
mean fitness does increase. Each adaptive im¬ 
provement may generate an increase in popu¬ 
lation size, which increases competition for re¬ 
sources and leaves the population no better off 
than before. We therefore study the marginal 


effects (Frank and Slatkin, 

1992; 

Grafen, 

2003; 

Plutvnski. 

2006; 

Price, 

1972 

)• 


Suppose that individuals vary in Darwinian 
fitness, interpreted as the probability of surviv¬ 
ing from birth to reproductive maturity. As a co¬ 
hort matures, its mean fitness rises as selection 
culls individuals with low fitness. To measure 
this effect, let W denote an individual’s absolute 
fitness. The mean fitness of adults exceeds that 
of newborns 


Under blending inheritan ce, the variance is 
halved each generation ( Fisher . 1930h : 


dV (t)/dt = -V(t)/2 


(3) 


This equation captures the effect of blending on 
variance but not that of selection. Unless selec¬ 
tion is very strong, however, its effect on variance 
will be negligible compared with that of blend¬ 
ing. Eqn. [3] implies that 

V(t) = U 0 e- t/2 (4) 


where Vq is the variance in fitness immediately 
after the mutation. 

Consider the effect of a single new mutation, 
whose fitness is 1 + s times Wo, the fitness of a 
normal individual. The initial population con¬ 
sists of a single mutant and N — 1 normal indi¬ 
viduals. The initial variance in fitness is 

Fo = (^) (i - ~ W*s 1 2 /N (5) 


AW = V/W (1) 

where where W and V are the mean and vari¬ 
ance of fitness among newborns. This describes 
changes within a generation, so it does not de¬ 
pend on the mechanism of inheritance. It works 
as well with blending as with Mendelian inheri¬ 
tance. 

Let us approximate Eqn. |T] as a differential 
equation: 


dW{t)/dt = V{t)/W(t) (2) 

1 If pw is the fraction of newborns with fitness W, then 
the corresponding fraction among adults is Wpw/W, 
where W — ^2 Wpw is the mean fitness among newborns. 

The mean fitness of adults is J2W 2 pw/W = V/W + W, 
where V is the variance in fitness among newborns. Sub¬ 
tracting W gives Eqn. |T] t he fitn ess difference between 
newborns and adults (IPricd . fl9T0l l . 


ignoring terms of order N~ 2 . 

Equations [2] E] imply that mean fitness will 
evolve toward an asymptote at which = 

Wq + 4Vo = Wo (1 + 4s 2 /N). This implies that 
Woc/Wo «1 + 2s 2 /N. A single mutation causes 
a proportional increase, 


Woo -Wo 

Wo 


2 s 2 /N 


( 6 ) 


in mean fitness. Using a different argument, 
Davis derived this result in 1871 for the special 
case in which s = 1. 

Let us define mutation rates so as to equalize 
mutational inputs under blending and Mendelian 
inheritance. To this end, assume for blending 
that each of the N individuals mutates with 
probability 2 u, so that 2Nu new mutants arise 
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per generation, each with selective advantage s. 
The rate of proportional increase in mean fitness 
is 2Nu x 2s 2 /N = 4 us 2 under blending inheri¬ 
tance. 
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Under Mendelian inheritance, the correspond¬ 
ing theory is well known. Let u represent the 
probability per generation that a single gene mu¬ 
tates to a new allele, whose heterozygous carriers 
have fitness 1 + s times that of normal individ¬ 
uals. There are on average 2Nu such mutations 
per generation, of which_a fraction 2s is even¬ 
tually fixed ( Haldane . 19271 ). If gene effects are 
additive, so that homozygous mutants have fit¬ 
ness 1 + 2s, then each fixed mutation increases 
mean fitness by 2s. The product, 8 Nus 2 , of 
these quantities, is the rate of proportional in¬ 
crease in mean fitness under Mendelian inheri¬ 
tance. 


This is 2 N times the rate under blending in¬ 
heritance. In a population of 10,000 individu¬ 
als, adaptive evolution would be 20,000 times 
slower under blending than under Mendelian in¬ 
heritance, given equal mutational inputs. 
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